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Among the more important raw materials now utilized for the commercial 
production of synthetic organic chemicals is natural gas. Natural gas has 
been used 4s .a fuel anc source of energy almost from its discovery, but its 
Reese @s a chemical raw material were nct realized until recently. 


Research in the use of ential gas for eat synthesis received great 
impetus from the discovery by Brooks and Humphrey4+t in 1918 cf alcohols in the 
diluted “acid oi11" obtained by sulfuric acid treatment of cracked petroleum 
Gistillates. Experimental data scon showed that hydrocarbons from natural 
gas could be converted to these same products. Labcratory methods for chlori- 
naticn of natural-gas hydrocarbons, particularly of methane for the producticn 
of methyl chloride, methylene chloride, carbon tetrachloride, and chloroform 
were known before that time but were not developed commercially. Methods fcr 
obtaining alcohol by oxidaticn of hydrocarbons derived from natural gas also 
were known before 1918 but had not received commercial consideration. Since 
1918, and particularly during the past.15 years, the work of chemists and 
chemical manufacturers throughout the world has resulted in an accumlation 

of data regarding the reactivity of natural-gas hydrocarbons, and related 
hydrocarbens found in refinery gases or made synthetically. These data have 
been used to develop methods for converting hydrocarbons into chemical 
products and thus form the basis for a large and growing industry. 


Wartime demends for chemicals during 1939-1945 gave impetus to this 
development, especially to the application of engineering technology to 
methcds already known in the laboratory but which had not been developed 
commercially. The production of plastics as substitutes for rubber and 
silk; cf ammonia, glyterine, toluene, and nitroparaffins for use in explosives; 
of synthetic rubber; and of aviation gasoline are examples of this technolcgic 
growth, The demand for these products required new sources of raw materials; 
end as &@ result many processes were dcvelopcd and plants constructed to 


utilize natural gas and other petrolctim hydrocarbons. With the ccssation of 
hestilitics, the conversion of these plants and processes to peacctime activi- 
tics nas been rapid. Additional postwar construction of plants for chemical 
utilization of petroleum gascs indicates that the growth cf this phase of tho 
petrolcum industry will continuc. | 


The Bureau of Mincs will welcome reprinting of t is paper provided the 
following footnote acknowlcdgment is uscd: "Reprinted from Bureau of 
Mincs Information Circular 7347." 

e/ Principal petrclcum chemist, Petroleum Experiment Stelter, Bureau of 

hiincs, Bartlesville, Okla, 

3) Rescarch chemist (petrolcum), Petrceloum Experiment Station, Bureau of 

Mincs, Bartlcsville, Okla. tJ 

4/ Brooks, B. T., and Humphrey, I., The Action of Concentrated Sulfuric Acid 

on Olcfins with Particular Reference to the Refining of Petroleum Dis- 

tillates: Jour. Amor. Chem. Soc., vol. 40, 1918, pp. 822-856. 
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shh os, Ge The . quantity of. natural gas - aha is, or that under. present demands can 

be, utilized in the production of chemicals is not great in comparison witn 
the anount used as fucl. Some data showing present consumption of natural 
gas for scveral purposes aro presented and discussed with chart 2. Generally, 
ean organic chemical product can be made from any one of severel starting 
matcrials as well as by sevcral routes from a singlo substance. This is 
illustrated by and discussed with chart 5. This versatility of hydrocarbon 
conversion processes is important, as crdinarily it may be assumed that a 
suostence will hot be made synthetically from naturally occurring raw 
‘materials if it can be obteined in sufficient quantities as a byproduct 
from an active commercial process, The cheapness anc availability of natu- 
ral g2s, however, hes caused unusual consideration to be given to its chemi- 
cal utilization. Many chomicals not previously procurable commercially havc 
beon mece from natural-gas hydrocarbons, and in many instances they have 
filled necds: that had not been net by other known substances. 


The production, from natural ges, of aviation gasoline and of high 
anti-imock blonding agents for enrichment of motor fucls is not strictly . 
e “utilization for chemical products." Many of these gasoline components, 
however, arc relatively pure chemicals, and the processes employed in their 
minufacture are applicable to the manufecture of products intonded for | 
chemical rathcr than encrgy uses. Investiga tions of production of motor 
fucls from natural gas and refinery byproduct gases, which were begun 
actively about 1925, resulted in the discovery of many processes. These 
‘investigations also disclosed additional mothods and technology for pro- 
duction of pere chenicals and chemical raw matcrials from netural-gas hydro- 
carbons. ' A report giving the results of some of tho carly investigati 
of this problcm by the Burcau of Mines were published in October 1931. 
In thet report, previous -and concurrent work by other investigators is 
cited. 


An information circular concerning the utilization of natural gas for 
chemical roe! was published by the Bureau in 1950.°/. and a revision was 
issued in 1940.// The present paper is @ revision of the 1940 publication. 
Its purpose is to show in graphic form the gencral reactions used and the 
chemical products that, my be obtained when naturel gas is usod cs a raw 
material, Thc number cf products presently cbtaineble from natural gas is 
very lerge, and the.ficld is continuing to develop, so thet it is possible 
that some products thet are.now important (or soon my be so) have bccn 
onittcd, but overy effort has been made to-make this publication as in- 
Clusive ag ava ‘ladle Teron Porm Nes The .products Listed may be 
Sith H. M., Grand: onc,: Peter, a Rell, H. T., The Production af Motor 

Fucls from Natural Gas: Bureau: ‘of Mines Rept. of Investigations 3145, 
1931, 12 pp. | 
6/ Smith, "Harold M., Possible Use of Natural Gas for tho Production of 
Chorical Producte: ‘Bureau of Minus Inf. Circ. 6388, 1950, 5 pp. 
7/ Smith, Harold M., Utilization of Natural Gas for Chemical Products: 
: Bueeeu of Minos inf. Cire, ‘7L0c,. 19%0,..19) pp. 
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produced from natural gas from wells or natural gasoline plants, but ordi- 
narily natural gas would not be used where refinery-process gases or other 
raw materials are available that will’ yield the desired product in fewer 
steps and more cheaply. Some statistics relating to the economics and. 
growth of the industry are shown in the first charts, and the principal 
vrocesses and their products are shown in the others. 

It would be desirable to include brief descriptions of some of the 
processes, but choices of methods and operating conditions are so varied 
that no simmle explanation seems possible. Actually, few of the reactions 
are as simple as the charts my indicate. The subject of catalysts alone 
is so complex that it cannot be presented adequately in a report such 4s 
this. The nontechnical reader is interested mainly in the general picture 
which is adequately shown by the charts. A selected bibliography is in- 
cluded for the technical reader ‘who may wish to obtain such chemical and 
engineering information as is generally available and fcr the nontechnical 
reader who may wish to inquire further into the subject. Historical and 
biblicgraphical reviews of work done in the field have appeared in the 
literature from time to time, some of which are listed among the references. 


Chart l. 


Natural gas is a mixture of gaseous hydrocarbons consisting predomi- 
nantly of those containing not more than four carbon atoms. It occurs in 
natural reservoirs separately as gas-or may be found with or. in solution 
in nongaseous hydrocarbons. The composition of natural gas may differ from 
field to field and also with production methods. Methane is the hydro- 
carpon usually present in greatest volume, with ethane, propane, and heavier 
hydrocarbcns successively next in order. The composition of a "wet" gas 
typical of much of that produced lies within the following limits in vol- 
ume porcent: Methane, 80-90 percent; ethanc,. 5-10 percent; propane, 3-5 
percent; iscbutane and butane, 1+2 percent; pentanes and heavier hydro- 
carbons, 1-2 percent. Nonhydroearbon components, including, nitrogen, hy- 
drogen sulfide, traces of organic sulfur compounds, carbon dioxide, and 
helium, may occur with the natural gas. . Certain of these may be extracted 
en gas oither as impurities or for individual utilization. (Chart 
12 


Chart 1 shows the general composition and major uses of natural gas, 
The gascous mixture or “wet" gas produced at the wellhead, as shown in the 
ton square of the chart, usually is scparated in the: field in absorption or 
naturel-gasoline plants, Nonhydrocarbons arc removed under certain condi- 
tions, and the hydrocarbons are separated into "dry gas,""liquefied petro- 
leum gas" (sometimes roferred to as LFG), and natural gasoline or condensate. 
("Dry gas occurs as such in some fields. When gas is produced with crude 
. oll, a rough field separation gives a wet gas.) Such separations are not 
ordinarily complete, and there 18 some overlapping betwcen the groups. 
Further group separation or separation into individual components is accom- 
plished when desired by fractional distillation, or in special cases by 
extractive distillation, azeotropic distillation, superfractionation, or 
other cxtractive methods. 
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Data regarding uses of eyé several constituents are shown in chart 2. 
Charts 7 to 11, which show chemical products, are concerned primarily with 


"dry" and "1 4quefied petroleum gases" hydrocarbons - methane, ethane, pro- 
pane, isobutane, and n-butane. er 


Chart 2 


Some data regarding the pondumet ten and use of. Satupal and. Liquefied 
petroleum gas are shown graphically in charts ea and 2b.. Unfortunately, 
figures for the quantity of natural gas used in the manufacture of syn- 
thetic organic chemicals are not available separately but are included 
under "other industrial" -uses. Data on the use.of liquefied petroleum 
gases in the manufacture of synthetic rubber. components were available for 
the first time in 1944, Data concerning the use of liquefied petroleum gas 
in the production of aviation gasoline. and other motor-fuel components are 
not included. Chart ec shows annual synthetic. production from all sources 
of certain non-coal-tar chemicals since 1936. Chart 2a shows the increase 
in total production and sales of non-coal- tar synthetic organic. chemicals 


from 1925 to 1944 and production and oe of chemicals raw materials de- 
rived eee to > 9h 


ao 


Statistics showing the portion of this Pe using natural gas 

a8 blo raw makers) are not available. 
‘ehaee 2 . 

“Chart 3 shows the 2 aera composition: of. sride petroleum and of re- 
fincry-processed petroleum and also lists some nonpetroleum materials 
suitable for hydrocarbon synthesis. Petroleum.is.- an extremely complex © 
mixture of hydrocarbons and other substances thet is found in nature in 
the solid, liquid, and gaseous states. Natural gas is a form of: petro- 
leum that consists of hydrocarbons and.other substances (chart 1) that | 
exists in the gascous state under ordinary: concitions of temperature and 
pressure at the earth's surface. The natural-gas hydrocarbons frequently 
occur in solution with crude o1l.. Hydrocarbons identical with those in 
natural gas, together with unsaturated gaseous hydrocarbons, are formed 
as byproducts in refinery operations during the manufacture of petroluem 
products, by decomposition.and cenversion of natural gas, natural gasoline, 
or crude-oil hydrocarbons. Such hydrocarbons also. my.be made synthetically 
from nonpetroleum materials. These gsseous products, regardless of source, 
are important raw meterials or intermodietes for, chemical products. The 
fect that the gaseous products of petroleum may be obtained by processing 
the heavier fractions.and, similarly, that heavier hydrocarbons‘ may be 
made from the gases is significant. Mcthods whereby such, interconversion 
of pO ee ee en can 1 be a ea are: EEee in tho next 
ones : : 


. chart ye 


Raw mntevials “other Fae Seino leu ty anoeeeponss were. used for the 
first commercial syntheses of organic chemicals. The processes, howcver, 
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usually involved as a first step hydrogenation of carbon cr formation of 

hydvogen-carbon products similar to those already present in natural gas 

or easily derived from petroleum. It was soon recognized that petroleum 

and natvral-gas hydrocarbons offer raw materials suitable in their criginal 
mm, cr after rearrangement.to new molecular structure, for use in synthesis 

or chemical preducts. Further steps in. the production of synthetic organic 

chemicals involve the addition or substitution of other elements such as 

oxygen, chlorine, nitrogen, or sulfur to the hydrocarbon structure. Typical 

methods for rearranging the hydrocarbon molecule and for converting it into 

other preducts are shown and defined in chart 4, 


Probably the most important method used for converting petroleum hydro- 
carbons to cther compounds. is: decomposition effected by pyrolysis, catalysis, 
or electric discharge. . Decomposition as. used here also includes, in many 
instances, subsequent recombination of primary products into new compounds. 
Dehydrogenation and hydrogenation, alkylation, polymerization, isomerization, 
desulfurization, and cyclizeticon and aromatization all may be considered as 
special cases of controlled decomposition cr decomposition and recombination. 
some methods of oxidation, halogenation, nitration, gulfurization, and ami- 


nation involve preliminary decomposition of saturated hydrocarbons to ole- 
fins and recombination with the pceee arate 


Hesdisenteaerceiaetion: halogenation, ‘nitration, and sulfurization 
are further discussed with: the cherts showing products. obtained by use of 
the respective methods. Many of the products shown on these charts are 
the result of. a second series of reactions or conversions using the primary 
products as starting materials. Some typical examples cf such reactions 
are shown in chart 4, and the folleowing deserve special mention: Alky- 
lation and hydrogonation have been of especial importance in the production 
of nigh anti-knock blending agents for avietion gasoline; tsomerization has 
been used.extensively ‘to convert n-butane or n-pentane to isobutane or iso- 
pentane for use in alkylation and in aviation gasoline. Selective and non- 
selective polymerization. 4g uged in the manufacture of intermediates-for 
plastics and synthetic rubbers as well as in making motor fuels and lubri- 
cants; desulfurization is often a neccessary process in the production of 
motor fucls; dehydrogenation (and sometimes polymerization) together with 
cyclization and arcmatization is used in the production of aromatics and © 
cyclic compounds. The dcvelopment of processes using these conversion 
methods reccived mich consideration before and during the recent war, and 
processes developed are now Peins adapted to “peacetime necds.. 

It has beon mentioned alroady that coal, “petroleun, agricultural prod- 
ucts, and cther carbonaccous materials may be uscd interchangeably as raw 
materials for hydrocarbon synthesis and manufacture of chemicals. Hydro- 
carbon synthesis and production of chemicals from matorials other than 
petroleum has been used in Germany and in our own country asa wartime 
measure. Liquid fucls, lubricents, materials for synthetic rubber, and a 


largc number of organic cronies wore produced in Germany from coal (or 
in some cascs natural gas). 


oe tho processes wedne coal or coke as raw matcrial are the produc- 
tion of calcium carbide for conversion into acctylonc, the hydrogenation of 
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coul to produce gaseous and liquid hydrocarbons, and the Fischer-Tropscn 
synthesis, which involves a prior oxidation of coal or other carbonaceous 
material with oxygen or steam. Natural gas may be used in this process 
instead of coal, and this application has received much interest recently. 
It is discussed further with the chart showing products obtained by oxida- 
tion (chart 8). - Similarly, acetylene is produced also by decomposition of 
natural gas or gas from coal hydrogenation and is discussed further with 
chart 7. : | 


Chart 5 


Chart 5 shows diagrammatically the production of butadiene by several 
possible methods using some of the possible raw materials. ‘The chart il- 
lustrates the diverse routes by which a desired organic chemical may be 
obtained. ‘Economic considerations involved usually determine the choice 
of raw materials and route. Butadiene for synthetic rubber was produced 
from coal in Germany during the war, whereas in America it was made on an 
extensive scale from ethyl alcohol, which was obtained from agricultural 
sources. or from petroleum; also, directly from petroleum hydrocarbons, 
chiefly from butylenes and butanes. The choice cof starting material in 
each instance was determined by the availability and need for the several 
types of materials. In Germany, coal was the initial raw material, but 
actual butadiene production was mainly from byproduct gases obtained in 
the hydrogenation of coal. These gases were converted into acetylene and 
ethylene by means of the electric arc, and the acetylene was converted to 
acetaldehyde and then to butadicne by the aldol route. 


Chart 6 
Chart 6 should be used for reference in study ing charts 7 to le, as 
it indicates the significance of the soveral “boxcs," brackets, and types 


of lettering used in them. ‘In chart 6 the terms uscd have the following 
meanings: : 


Primary product. - A product obtaincd dircctly by the application of 
the basic mcthod cf conversion indicatod in the title of the individual 
chart. | | inn 


Preferred source. - Not necessarily the only source, but the material 
reacting most casily or with the best yiclds relative to other natural-gas 
hydrocarbons (sce remarks under “Charts 7 to 11 - General"). 


Direct use. - A usc (a) in which no chemical change occurs in the 
substancc, as when it is used as a solvent or anesthetic, or (b) when the 
substance is completcly ‘destroycd, as when used for fucl. The direct uscs 
of secondary products arc indicated in brackcts. = +s 
Secondary product. - A product made from the primary product. Common 
namcs of secondary products and their derivatives are indicated in parenthe- 
Sis. Direct uscs are show in brackets. 
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PRODUCTS OBTAINABLE FROM NATURAL GAS BY DECOMPOSITION 
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IsC. 7347 
Chart 7 to 11 (General) 


In preparing charts 7 to 11, products shown as derivatives of a partic- 
ular hydrocarbon are not necessarily produced in commercial practice from 
that hydrocarbon or from a hydrocarbon as the original raw material. They 
are included, perme as they could" be produced as shown if désirable to 
do 50. 


Exemples of somssends of this type ateceie ‘"Preons," which are shown 
as secondary products obtainable from natural-gas hydrocarbons by halo- 
genation. These refrigerants are produced commercially, according to-best 
available information, from carbon tetrachloride or other compounds derived 
from nonhydrocerbon raw materials. Date on raw materials actually used in 
commercial production of synthetic chemicals are not revealed by many 
) a acca ata 


srace does not permit ies all sosatnies derivatives or seconanes 
products. For example, one company lists 85 organic chemicals, of which 
they say: “In producing all these chemicals, olefins derived by processing 
natural gas are used either directly or indirectly as raw material.” Dis- 
closure of scientific information from enemy sources since the recent war 
show that German technicians produced 37 or more chemical products from 
acetylene. An American company manufacturing nitration products from 
natural-gas hydrocarbons lists 54 derivatives as an incomplete list of 
those that can be made available. A handbook shewing uses and applications 
of chemicals shows butyl alcohol as a reagent in making 132 different com- 
pounds. These data show the impracticability of listing all products and 
indicate the possibilities of chemical’ production with natural gas as a 
raw material. The use of heavicr petroleum hydrocarbons, which are non- 
gaseous under ordinary conditions, as eaenee materials for chemical produc- 
tion also should be considered. 


‘Chart qT 
The decomposition of natural-gas hydrocarbons into smaller reactive 
molecules (primary products), which may recombine during the operation to 
form larger hydrocarbon molecules, either aliphatic or cyclic, or which 
may be separated and utilized as intermediate products in the production 
of fueis and chemicals, is perhaps the most important cf the processes for 


conversion of these.hydrocarbons, These primary products.usually are more 
susccptidle to chemical manipulation than the original molecules. 


Thermal (pyrolytic), thermal catalytic, and electrical methods are 
applied successfully to the decomposition of petroleum and natural-gas 
hydrocarbons. The first two of these have found greatest application. The 
electric arc has been reported to have been used successfully for decomposi- 
tion of natural-gas hydrocarbons; it was used in Gormany during the war for 
tho production of ts oa eron ne tunel gas or from byproduct gas from coal 
py nes en eas : . . 


Primary products ee ee Acremuesitin shown.in chart 7 do 
not include aliphatic: hydrocarbons containing moro than four carbon atons 
or the less cotimon homologucs of acetylene or butadiene that may bo formed. 
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TCs 7387 
Because cf the attention given to some. of these primary products in recent 
years, more individual mention is Gosenves than can be given in we charts. 


Hy drogen is produced from natural gas by thermal idccusedrtions ‘with 
concurrent production of carbon black. Another process for production of 
hydrogen from natural gas (by reaction with steam) is shown in the next - 
chart (chart 8) and discussed in the accompanying discussion. Both of 
these methods are used extensively for the production of hydrogen for use 
in the hydrogenation of oils, in the manufacture of ammonia, ae o other 
. USES. 


_ . The production and chemistry of acetylene received mich attention 

long before methods were evolved for its production from natural-gas hydro- 
carbons. Although acetylene presents some mechanical difficulty in handling 
because of its tendency to explode under pressure, its use in chemical syn- 
thesis has attained a position of importance in American synthetic processes. 
It is used as the basis for the manufacture of a number of commercial prod- 
ucts and was used widely in Germany for production of. chemicals needed - 
throughout the war. Ordinarily, acetylene is produced for commercial use 
from nonhydrocarbon materials, but has been obtained from natural-gas 

hy drocarkons by thermal decomposition « or by use (of electric-arc cracking. 


Ethylene igs an important constituent in refinery gas produced in the 
manufacture of gasoline from nongaseous petroleum hydrocarbons. It is: 
readily produced by pyrolysis of natural gas. Propylene, butylene, and 

iso-butylene are produced similarly. | These unsaturated hydrocarbons are 

of the type known as olefins and form the basis for the manufacture of a 
broad series of organic chemicals... Ethylene, which has been termed a! — 
"building block" for organic synthesis, is the starting point for the com- 
mercial production of more than 50 products... A correspondingly large num- 
ber of products is obtained from propylene, butylenc, and isobutylene. In 
the manufacture of aviation fuels.and alkylates, these olefins are of prime 
ey The production of butadiene nas been discussed previously 

chart 5 


Besides iéaviee aliphatic pyascoat era. aoe included seperately: in 
the chart, that may be formed as the result of. decomposition of natural- 
gas hydrocarbons, @ group of cyclic compounds may be formed, which include 
benzene, toluene, xylene, and other aromatic compounds. However, selected 
cuts of heavier hydrocarbons from petroleum used as focd stock in catalytic 
aromatization gives high yields of benzene or toluene, and much of the 
toluene needed for wartime demands was obtained by this method. 


The use of natural gas for ene production of seriou plack was one of 
its first non-energy uses. Three methods, kmown as the channol, thormal 
decomposition, and furnace processes, are used for the production of car- 
bon black, Each process yields a ‘product of different type. especially | 
suited for specific uses. Carbon black is an essential ingredient in the 
manuracture of automobile tires and other rubber goods and in the production 
of paints, inks, and other materials. A.type of carbon black kmown as 
"acetylene black" is produced os the electrical pee of Pee 
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Chart 8 


Oxidation of the hydrocarbons in natural gas in the form of combustion 
furnishes the basis for its use as a heat and energy source. The ultimate 
products cof combustion of hydrocarbons are carbon dioxide and water. Con- 
trolled and limited oxidation of hydrocarbons produces 4 number of prod- 
ucts highly useful in the production of textiles and plastics and in other 
industries. Among the oxidation products obtainable from natural gas and 
other petrcleum hydrocarbons are alcohols, acids, fatty acids, and aldehydes. 
Those of most importance produced commercially from natural gas include 
methyl, ethyl, isopropyl, propyl, and butyl alcohols, formaldehyde and 
acetaldehyde, acetone, methylacetone, acetic acid, acetic anhydride, propi- 
onic acid, and many derivatives. Both saturated and unsaturated aliphatic 
hydrocarbons are utilized, ordinarily in the presence of a catalyst, in the 
production of oxidation products. _ 


The reaction of natural-gas hydrocarbons with steam, oxygen, and carbon 
dioxide to forma "synthesis gas" for the Fischer-Tropsch synthesis of 
higher hydrocarbons has reveived much recent attention as a possible method 
for utilization of mcthane in the manufacture of motor fuels. In addition, 
organic chemicals such as alcohols, aldehydes, acids, and esters can be 
produced concurrently with the motor fuel. 


Tho reaction of methane and steam when carricd to complction gives 
carbon dioxide and hydrogen. This reaction has been the basis for produc- 
tion of hydrogen for many of the plants that produced ammonia and nitric 
acid for wartime use. Natural gas or hydrogen from natural gas also is 
used in the manufacture of pure nitrogen from air for usc in ammonia manu- 
facture. By means of controlled combustion, the oxygen content of air is 
removed, leaving nitrogen, carbon dioxide, and wator, which are easily scpa- 
rated. Possible byproducts and.dorivatives besides ammonium nitrate in the 
manufacture of ammonia and nitric acid include methyl alcohol from hydrogen 
and carbon monoxide, formaldehyde from methyl alcohol, dry icc from waste 
carbon dioxide, urea from liquid ammonia and carbon dioxide, and perhaps 
ammonium sulfate, scdium carbonate, sodium nitrate, dicalcium phosphate, 
hydrogcn cyanide, formamide, and others. 


Chart 9 


Chart 9 shows products of chlorination as represcntatives of products 
obtainable by halogenation of natural gas. Chlorinated hydrocarbons form 
on important class of chemicals, which are used directly as solvents, re- 
frigerants, degreasing compounds, and for many othor purposes; also 4s in- 
tormediates in organic chemical synthesis. Fluoro and fluorochloro com- 
pounds, which are used principally as retrigcrants, usually are obtained by 
rcplaccmont of chlorinc with fluorine in a chloro compound. A few bromi- 
nated hydrocarbons arc in commercial production. Methyl bromide is used 
ag a fumigant and insccticide. Ethylene dibromide is used in tetra- 
ethyllcad fiuids, as a solvent, and as an intcrmcdiate in the production 
of a number cf chemicals. 
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Chart_10 


- Active research into the nitration of natural-gas hydrocarbons began 
around 1930 end.has prcduced @ variety of products. Commercial production 
of nitroparaffins by use of the vapor-phase nitration reaction of nitric 
acid and hyd:ocarbons from petroleum and natural gas, occurred within the 
present decade. Uses for these nitroparaffins and their derivatives in 
many fields already have been developed, and other extensive uses have 
been DECEDSSenGs ae 


. Chart 11 shows products obtainable from naturel gas and other petrolew: 
hydrocarbons by sulfurization. Production of these products is small, but 
recent announcements indicate future cammercial-scale manufacture of carbon 
disulfide, thiophene, mercaptans, thioethers, &nd other sulfur compounds, 
using naturel gas and sulfur or hydrogen sulfide as starting materials. 
Butyl mercaptan and butyl disulfide are said to be available already in 
tank-car lots, and other sulfur compounds are being produced in experimental 
‘or pilot-plant- quantities. One company states that & plant was erected and 
operated successfully for the manufacture of tertiary dodecyl mercaptan 
(Cia), using a3 raw materials hydrogen sulfide derived from netural gas, 
with copolymers from propylene and isobutylene resulting from tnermal de- 
composition of isobutane. The plant was built in anticipation of a demand 
for the product in the synthetic-rubber program but was shut down when the 
demand did not materialize, Another company has: announced the piict plant 
and contcmplated commerciel prcduction of thiophene. Still another company 
has anncunced the pilot-plant development of a process for the manuracture 
of carbon disulfide by the catalytic reaction of sulfur and eS 
from natural ges. 


Many or the uses for sulfurization products shown in chart 11 are 
those susgested: by manufacturers as possible uses and have not yet been 
oeen proven commercially. - coe 


Chart 1e 


Nonhydrocarbon censtitucnts of naturel gas usually are present in 
relatively smal] amounts. Some or these materials, such 4s holium, are 
of cnough value to warrant thcir recovery even when present in quantities 
of only a few percent. Others, such as hydrogen sulfide, usually are 
objectionatle and ordinarily must be removed before the hydrocarbon content 
of the gas can be utilized. Hydrogen sulfide and ctner objectionable gases 
may beccme valuable when Sepa ober. and used in the production of other — 
products. The use of hydrogen sulfide in the production of. sulfur compounds 
from hydrocarbons alreedy has been mentioned. In at least one natural-gas 
ficid it is recovered and used for the oe of elemental sulfur. 


Some natural gases are ‘composed ‘almost entircly or carbon aioxide: 
Carben dioxide from this source may be of value.if the wells from which 
it is produccd are gecgraphically situated where the gas may be utilized 
economically. So far, no economic use for nitrogen in natural gas has 
becn aeveloped. 
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